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sli o uld bo ab lo to 



® Define and apply the concepts of density and fluid 
pressure to solve physical problems. 



® Define and apply concepts of absolute, 
gauge, and atmospheric pressures. 



® State Pascal’s law and apply for input and output 
pressures. 



® State and apply Archimedes’ Principle to sol ve 
physical problems. 
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Streamlines 



A streamline is a line that is tangential to the 
instantaneous velocity direction (velocity is a 
vector that has a direction and a magnitude) 




Instantaneous streamlines in flow around a cylinder 
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Mechanics of fluids is extremely important in many areas 
of engineering and science. Examples are: 










Biomechanics 

• Biood flow through arteries > ^ 




® 



® 



• Flow of cerebral fluid <iå^ 

Meteorology and Ocean Engineering 

• Movements of air currents and water currents 
Chemical Engineering 

• Design of Chemical processing equipment 
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Mass Density 






Wood 



^ . mass m 

Density = ; p = — 

volume V 



2 kg, 4000 cm- 



Lead: 11,300 kg/m 3 
Wood: 500 kg/m 3 




4000 cm- 



45.2 kg 




177 cm 



2 kg 



Same volume 



Same mass 
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Example 1 : The density of Steel is 7800 kg/m' 3 . 
— What is the volume of a 4-kg block of Steel? 



m 

V = — = 



m 4 kg 
p 7800 kg/m 3 



What is the mass if the volume is 0.046 m 3 ? 
m = pV = (7800 kg/m 3 )(0.046 m 3 ) 
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Relative Density 

The relative density p of a material is the ratio of 
its density to the density of water ( 00 kg/m ). 




Examples: 



Steel (7800 kg/m 3 ) 


p r = 7.80 


Brass (8700 kg/m 3 ) 


p r = 8.70 


Wood (500 kg/m 3 ) 


p r = 0.500 
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Pressure 

Pressure is the ratio of a force F to the area A 
over which it is applied: 



Pres sure = 



Force 

Area 



P = 



F 

A 



A = 2 cm ; 



F (1.5 kg)(9. 8 m/s 2 ) 
2 x 10" m 2 




P= 73,500 N/m 2 
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The Unit of Pressure (Pascal): 



A pressure of one pascal ( 1 Pa) is defined as a 
force of one newton ( ) applied to an area of 

one square meter ( m ). 



Pascal: 1 Pa = 1 N/m 2 



In the previous example the pressure was 
73,500 N/m ; . This should be expressed as: 



P= 73,500 Pa 
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Units for Pressure 



Unit 


Definition or 
Relationship 


1 pascal (Pa) 


1 kg nr 1 s' 2 


1 bar 


1 x 10 5 Pa 


1 atmosphere (atm) 


101,325 Pa 


1 torr 


1 / 760 atm 


760 mm Hg 


1 atm 


14.696 pounds per sq. 
in. (psi) 


1 atm 
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Absolute and Gage Pressure 



Absolute pressure: The pressure of a fluid is expressed relative 
to that of vacuum 



Gage pressure: Pressure expressed as the difference between 
the pressure of the fluid and that of the surrounding 
atmosphere. 



Usual pressure gages record gage pressure. To calculate 
absolute pressure: 
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Fluid Pressure 

A liquid or gas cannot t> ^Wsustain a shearing 
stress - it is only restrained by a boundary. Thus, it 
will exert a force against and perpendicular to that 
boundary. 



• The force F exerted by a 
fluid on the walls of its 
container always acts 
perpendicular to the walls. 




shows _L F 
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Variation of Pressure with denth in Fluid 



Assume we have an imaginary cylinder of incompressible liquid 
at rest o f density p and cross- sectional area A and depth h from 
surface 



The pressure o f liquid on the bottom face is P 

and on top face is P 0 



The upward force on bottom face is F t = P A 
The downward force on the top face is F 2 - -P 0 A 
The weight of the cylinder is- Mg = - p A h g 



The cylinder is in equiiibrium, net force = zero 



PA-P Q A-Mg = 0 or PA - P 0 A- P A h g = O 
=> P= P Q + pgh 



P Q is atmospheric pressure, P 0 = 1 atm = 1.013 x 10 5 Pa 

= Pgh 
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Water seeks its own level, 
indicating that fluid pressure 
is independent of area and 
shape of its container. 




• At any depth h below the surface of the water 
in any column, the pressure P is the same. 

The shape and area are not factors. 
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® The forces exerted by a fluid on the walls of its 
container are always perpendicular. 

® The fluid pressure is directly proportional to the 
depth of the fluid and to its density. 

® At any particular depth, the fluid pressure is the 
same in all directions. 

® Fluid pressure is independent of the shape or 
area of its container. 
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Example 2. A diver is located 20 m below the 
surface of a lake (p = IQ-O-O-kg/m 3 ). What is the 
pressure due to the water? 



The difference in pressure 


i 




from the top of the lake to 


h 


p = 1000 kg/m 3 


the di ver is: 




A P= pgh 




o ^ 

o 


h = 20 m; g = 9.8 m/s 2 




r 



A P = (1000 kg/m 3 )(9.8 m/s 2 )(20 m) 



AP= 196 kPa 
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Atmospheric PressuH 



atm 



One way to measure atmospheric 
pressure is to fill a test tube with 
mercury, then invert it into a bowl 
of mercury. 

Density of Hg = 13,600 kg/m 3 
P atm = pgh h = 0.760 m 




P atm - (13,600 kg/m 3 )(9.8 m/s 2 )(0.760 m) 



Patm - 101,300 Pa 
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The Open - Tube Manometer 



It is U- shaped tube containina a 
liquid; one end is open to the 
atmosphere and the other connected 
to a tank whose pressure P is 
unknown. The pressures at points A 
and B must be the same. 




or 



p=p 0 + pg h 

P-P„ = Pgh 




The pressure is calied the absolute pressure 
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Pascal’s Law 



Pascal’s Law: An extemal pressure applied 
to an enclosed fluid is transmitted uniformly 
throughout the volume of the liquid. 
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Example 3. The smaller and larger pistons of a hydraulic press 

h ave diameters of and . What input force is required to 

lift a weight with the output piston? 



F F FA 

in out . c 1 out in 

A ~ A in ~ A 

1 in * out < out 



R = — ; Area = ttR 
2 



F in = 



(4000 N)Q)(2 cm) 

7r(6 cm) 2 




= 2 
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The magnitude o f the buoyant force always equa/s the 



we/gnt or tne mna aispiacea oy tne ooject. p 

Venficatiori of A rchimedes principle 

Ifa cube ofheight immersed in a liquid o f density , the 

pressure at top and bottom faces are respectively, 

Where 



The pressure at the bottom of the cube causes an upward forceequals 
The pressure at the top of the cube causes a downward force equals 
Where is the area of face of the cube, 

The resultant force is the buoyant force , Where 



® - (^2 " Pi) A P fluid § h A p fluid g V 

is the volume o f the fluid displaced by the cube. Because the product 
equals the mass o f liquid displaced by the cube, 



so Mg= p fluid g V 
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Case 1: Totally Submeraed Obiect 



B — Mg — /? fluid g V ( 



object 



object 



When an object is totally submerged in a fluid of density 
p fiui^ the magnitude of the upward buoyant force 



is /ess than thi 
1/ force is /ess 

' Pobj " P fluid) K 

all tøtjS A* tfil a— : 







Special cases 



2 - Ifthe density of the object is greater than the density ofthe fluid, 
then the upward buoyant force is less than the downward 
gravitational force, and the object sinks 



net “ vy fluid H obj obj 

JA XJJ fyytaJl (jli 4 4ju31aJ| Sjå (JA Jii djå fA 4 JjLwJI (JA j£\ Ii^l\ MiluS LJjlS uj 



*3- Ifthe density ofthe submerged object equals the density of the 
fluid \ the net force on the object is zero and it remains in 
equilibrium. Thus, the direction of motion ofan object submerged 
in a fluid is determined only by the densities of the object and the 
fluid. 



(jAi jj (jj Lwu ^yoJI (jl£> djåj c J jI J*JÅ\ ^jLuu Al jjj 

4-it-^ JaÅd JjLuJI Sjj-axa^I * ' ÅSj^A] dl^jl 1, ^ i 4|J-£Aj ,<jjl j=j 

Jil 
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Special cases. 

Case 2: Floating, Object 

Now consider an object of volume l^ bject and density r object < r| iquid floating 
on the surface of a fluid — that is, an object that is only pa/?/a//Ksubmerged 



In this case, the upward buoyant force is balanced by 
the downward gravitational force acting on the object. 
If is the volume of the fluid displaced by the 
object ( 




Because the weight of the object is 



and because F w = B, we see that 





ob>Ject 




V 

v fluid 
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Example 4: A 2-kg brass block is attached to a string and 
submerged underwater. Find the buoyant force and the 
te nsion-in-tbe-røpe. 



All forces are balanced: 



F b + T=mg F b = p w gV w 
= Hk. v = nib = 2 kg 

v h ’ " p b 8700 kg/m 3 

V b = V w =230x 10- 4 m 3 
F b = (1000 kg/m 3 )(9.8 m/s 2 )(2.3 x 10 4 m 3 > 



F b = 2.25 N 





t Fb =P8 V 



Force 

diagram 
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Example 4 (Cont.): A 2-kg brass block is attached 
to a string and submerged underwater. Now find 
the the tension in the rope . 



F b = 2.25 N 



F B + T - mg T = mg - F B 

T=(2 kg)(9.8 m/s 2 ) - 2.25 N 

T = 19.6 N - 2.25 N 



r=17.3N 



This force is sometimes referred to as 
the apparent weight 
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t Fb =P8 v 

Force 

diagram 

mg 





Floating objects: 

When an object floats, partially submerged, the buoyant 
force exactly balances the weight of the object. 




Fb - Pf 




m x g=p x V x g 




Floating Objects: 



Pr v r = Px K 



If V f is volume of displaced 

water V wd> the relative density 
of an object x is given by: 
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Relative Density: 







Example 5: A student floats in a salt lake with one-third of 
his body above the surface. If the density of his body is 
970 kg/m 3 , what is the density of the lake water? 



Assume the student’s volume is 3 m 3 . 
V s =3 m 3 ; V wd - 2 m 3 ; p s = 970 kg/m 3 







2 



3(970 kg/m 3 ) 
2 
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p w = 1460 kg/m 3 







Problem Solvinci Strate 

1 . Draw a figure. Identify givens and what is to be 
found. Use consistent units for P, V, A, and p. 

2. Use absolute pressure P abs unless problem 
involves a difference of pressure AP. 

3. The difference in pressure AP is determined by the 
density and depth of the fluid: 





Problem Strategy (Cont.) 



. Archimedes’ Pi 
object experien 
weight of the d 





m r 



fluid 



displaced 



5. Remember:^^ and refer to th 

The buoyant force has nothing to do with 
the mass or density of the object in the fluid. (If 
the object is completely submerged, ^fflits 
volume is equal to that of the fluid displaced.) 
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Problem Strategy (Cont . ) 



For a floating object, F B is 
equal to the weight of that 
object; i.e., the weight of the 
object is equal to the weight of 
the displaced fluid: 
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p. 



^ . mass m ■ i D = 

Density = ; p = — * Hr i i—/— 3 

volume V 



1000 kg/m : 



Pres sure = 



Force 

Area 



P = 



p I Fluid Pressure: 



A 



P=pgh 



Pascal: 1 Pa = 1 N/m 
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Summary (Cont.) 





Prof. Dr. Moistafa Tawfik Ali Ahmed, 
Moustf_1 @aol.com 





